Biosynthetic threonine deaminase was purified to an apparent homogeneousstate from the cell extract ofProteus morganii, with an overall yield of7.5%. The enzymehad a s^o.w°f 10.0 S, and the molecular weight was calculated to be approximately, 228,000. The molecular weight of a subunit of the enzyme was estimated to be 58,000 by sodium dodecyl sulfate gel electrophoresis. The enzyme seemedto have a tetrameric structure consisting of identical subunits. The enzymehad a marked yellow color with an absorption maximum at 415nmand contained 2mol of pyridoxal 5'-phosphate per mol. The threonine deaminase catalyzed the deamination of L-threonine, L-serine, lcysteine and /?-chloro-L-alanine. Kmvalues for L-threonine and L-serine were 3.2 and 7.1 mM, respectively. The enzyme was not activated by AMP,ADPand ATP, but was inhibited by lisoleucine. The Ki for L-isoleucine was 1.17 mM, and the inhibition was not recovered by L-valine. Treatment with mercuric chloride effectively protected the enzymefrom inhibition by L-isoleucine.
threonine to generate a-ketobutyrate and ammonia and requires pyridoxal 5'-phosphate as a co factor. participates in the biosynthesis of L-isoleucine from L-threonine and is subjected to endproduct inhibition by L-isoleucine,1} while biodegradative one participates in the catabolism of L-threonine and is insensitive to lisoleucine but activated by AMP.2) Biosynthetic threonine deaminase is synthesized constitutively, but biodegradative one is induced when the cells were grown under anaerobic conditions.
In our recent studies on the threonine deaminase of Proteus morganii, we have found that P. morganii produced both enzymessimultaneously when the cells were grown under aerobic conditions. These two enzymes were easily separated by ammonium sulfate fractionation and the purification and crystallization of biodegradative threonine deaminase form P. morganii were reported by Yamada et al.3) This paper describes purification and some properties of biosynthetic threonine deaminase of P. morganii.
MATERIALS AND METHODS

Materials. Pyridoxal 5 '-phosphate was kindly provided by Dainippon
Pharmaceutical Company Ltd., Osaka.
Nucleotides were supplied by Kyowa Hakko Kogyo Co., Tokyo and Wakamoto Seiyaku Co. Tokyo. Ampholite was purchased from LKB-Produktor AB, Sweden. jS-Chloro-L-alanine-HCl was synthesized from lserine methyl ester as described by Fisher and Raske.4) All other chemicals used in this work were commercial products.
Microorganism and medium. Proteus morganii (Faculty of Agriculture, Kyoto University, AKU0084) was used Present address: Tokuyama Soda Co., Tokuyama, Yamaguchi 745, Japan.
for the enzymesource. The emdiumconsisted of 1.0% succinic acid, 0.5% peptone, 0.5% meat extract, 0.2% NaCl, 0.05% yeast extract, 0.5% glycerol and 0.2% d,lmethionine in tap water. The pH of the medium was adjusted to 7.0.
Culturing procedures. The strain was inoculated into a seed culture, 5ml of the mediumin a test tube, which was incubated at 28°C for 24hr with reciprocal shaking (120 strokes/min). The seed culture was then inoculated into a subculture, 500 ml of the same medium in a 2-liter flask. After incubation at 28°C for 24hr with reciprocal shaking (120 strokes/min), the subculture was inoculated into a 50-liter jar fermentor (Kantorikaki KRS-50) containing 40 liters of the same medium,which was then incubated at 30°C for 16 hr with aeration (50 liters/hr). Approximately 6.5 g of cells (wet weight) were obtained per liter of the medium.
Purification of biosynthetic threonine deaminase. All subsequent extraction and purification procedures were carried out at 0~5°C and all the buffer used for purification procedures contained 1 mM2-mercaptoethanol, 0.1 mMEDTA and 0.01 mMpyridoxal 5'-phosphate unless otherwise specified.
Step 1: Preparation of cell free extract. A total of 2060 g (wet weight) of cells were suspended with 12 liters of 0.01 m potassium phosphate buffer, pH 7.0. The suspended cells were disrupted with a Dyno-mill type KDL(Willy A Bachofen, Basel, Switzerland).
Step 2: Streptomycin sulfate fractionation. One thousand and two hundred milliliters of the solution of 20% streptomycin sulfate, pH 7.0, was added to 13 liters of the cell suspension treated with Dyno-mill, under constant stirring.
After 30min, the precipitate formed and cell debris were removed by centrifugation (13,000 xg for 20 min).
Step 3: First ammoniumsulfate fractionation. The threonine deaminase activity can be separated into two parts by ammoniumsulfate fractionation. Biosynthetic enzymeprecipitates between 30~45% saturated ammonium sulfate, while biodegradative enzyme precipitates between 45-60% saturated ammoniumsulfate. The purification and characterization of biosynthetic enzyme will be described in this report. The protein in the supernatant solution (10.3 liters) was fractionated by the addition of solid ammoniumsulfate to 50% saturation. The suspension was allowed to stand for 2 to 3 days at 5°C. Then the precipitate was collected by centrifugation (13,000 xg for 20min). The precipitate was divided into two portions. Each portion was dissolved in 1.4 liters of 0.05m potassium phosphate buffer, pH 7.0, and was dialyzed against 4 changes of 30 liters of the same buffer for 48 hr. Insoluble materials formed during the dialysis were removed by centrifugation (22,000 x g for 20min).
Step 4: First DEAE-Sephadex column chromatography. The dialyzed enzymesolutions were applied to two columns of DEAE-Sephadex A-50 previously equilibrated with 0.05 m potassium phosphate buffer, pH 7.0.
After washing each column with 40 liters of 0.1m potassium phosphate buffer, pH 7.0, the enzyme was eluted with 0.1 m potassium phosphate buffer, pH 7.0, containing 0.2m KC1. The flow rate was 300ml per hr and 400-ml fractions were collected. Active fractions were combined to give ll liters and then concentrated by the addition of ammoniumsulfate (70% saturation). The precipitate was collected by centrifugation at 13,000 x g for 20min and dissolved in 0.01m potassium phosphate buffer, pH 7.0. The solution was dialyzed against 15 liters of the same buffer for 12hr.
Step 5: Second ammoniumsulfate fractionation. Solid ammoniumsulfate was added to 642ml of the dialyzed enzymesolution to 25% saturation. After standing for 1 hr, the precipitate was collected by centrifugation at 22,000xg for 20min and discarded. The ammonium sulfate concentration was then increased to 48% saturation. After standing for 1 hr, the precipitate was col- out by the same way as described in Step 4.
Step 7: Third ammonium sulfate fractionation. The threonine deaminase activity was divided into two fractions by this ammonium sulfate fractionation. Biosynthetic enzyme was precipitated between 34~43%satura-tion and biodegradative enzyme in the supernatant was discsarded. Biosynthetic enzyme (47 ml) was dialyzed for 12hr against 7 liters of 0.01m potassium phosphate buffer, pH 7.0, containing 5him 2-mercaptoethanol and 0.02 mMpyridoxal 5'-phosphate.
Step 8: First hydroxyapatite column chromatography. Dialyzed biosynthetic enzyme solution (60 ml) was applied to a column of hydroxyapatite (3 x 20cm) equilibrated with 0.01 m potassium phosphate buffer, pH 7.0, containing 5mM 2-mercaptoethanol and 0.02mM pyridoxal 5'-phosphate.
The enzyme passed through the column and much of the impurity remained in the column. The flow rate was 33ml per hr and 5-ml fractions were collected.
Active fractions were combined to give 107ml and concentrated by the addition of ammoniumsulfate to 70% saturation. The precipitate was collected by centrifugation at 22,000xg for 20min and dissolved in 37ml of 0.05m potassium phosphate buffer, pH 7.0, containing 5 dim 2-mercaptoethanol, 0.1 mMEDTAand 0.02dim pyridoxal 5 '-phosphate.
Step 9: Sephadex G-150 gel filtration. The enzyme solution (37ml) was subjected to a Sephadex G-150 column (4 x 120cm) previously equilibrated with 0.05 m potassium phosphate buffer, pH 7.0. The flow rate was 20 ml per hr and 5-ml fractions were collected. The enzyme was eluted with the same buffer and recovered at the elution volume from 470 to 670ml. The enzyme was precipitated by the same way as described in Step 8. The precipitate was dissolved in 13.5ml of the 0.05m potassium phosphate buffer, pH 7.0, and again applied to the same column of Sephadex G-150. The flow rate was 10.5ml per hr and 4-ml fractions were collected. Active fractions were combined to give 60ml.
Step 10: Fourth ammoniumsulfatefractionation. Solid ammoniumsulfate was added to 60ml of the solution to 34% saturation. The precipitate was removed by centrifugation at 22,000 xg for 20min. Solid ammonium sulfate was added to the supernatant to 40%saturation.
After standing overnight, the precipitate was collected by centrifugation at 22,000xg for 20min and dissolved in 0.01 m potassium phosphate buffer, pH 7.0, containing 5mM 2-mercaptoethanol and 0.02mM pyridoxal 5'-phosphate.
The solution (6.9 ml) was dialyzed against two changes of 0.01 Mpotassium phosphate buffer, pH 7.0, containing 5mM 2-mercaptoethanol and 0.02mM pyridoxal 5'-phosphate.
Step ll: Second hydroxyapatite column chromatography. The dialyzed enzyme solution (1 3.4 ml) was applied to a column of hydroxyapatite (2 x 8.5cm) equilibrated with the same buffer as Step 8. The flow rate was 30ml per hr and 4-ml fractions were collected. Active fractions were combined to give 36 ml which was then precipitated by the addition of ammonium sulfate to 70% saturation. The precipitate was collected by centrifugation at 22,000 x g for 20min and dissolved in lml of 0.05m potassium phosphate buffer, pH 7.0, containing 5mM 2-mercaptoethanol, 0.1 mMEDTA and 0.02mM pyridoxal 5'-phosphate. The summary of the purification procedure is shown in Table I . This procedure resulted in approximately 6000-fold purification of biosynthetic threonine deaminase with an overall yield of 7.5%.
Enzymeassay. The activity of threonine deaminase was determined spectrophotometrically by measuring the amount of a-ketobutyrate formed from L-threonine. The standard assay system contained 10 /imol of L-threonine, 200 jimol of NH4OH-NH4C1 buffer, pH 9.5, 0.4/miol of pyridoxal 5'-phosphate and the enzyme in a total volume of 4.0 ml, unless otherwise specified. The reaction mixture was incubated at 30°C for 20min and the reaction was terminated by the addition of 1.0 ml of 30% trichloroacetic acid. The amount of the keto acid formed was determined as 7V-methylbenzolinonehydrazide at 320nm by the modified method of Paz et al. (MBTHmethod) .5* One unit of the enzyme activity was defined as the amount of enzyme producing 1 /rniol of a-ketobutyrate per minute under the standard assay conditions. Specific activity was expressed as units per mg of protein.
Protein determination. Protein concentration was determined spectrophotometrically by measuring the absorbance at 280nm or by the method of Lowry et al.6) using bovine serum albumin as a standard. An E value of 6.24 for lOmg per ml and for 1 cm light path, which was used throughout was obtained by absorbance and protein determinations.
Ultracentrifugal analysis. Sedimentation velocity experiments were carried out with a Spinco model E ultracentrifuge operated at 59,780 rpm at 20°C.7) Diffusion coefficient was measured with the same apparatus operated at 5784 rpm at 20°C, with the boundary condition at the meniscus in a sector shaped centrifuge cell.8) The carrier Ampholite in this investigation was selected to give a pH gradient between pH 3 and 10.15) Focusing and separation of the protein was carried out at 3°C in a special vertical electrolysis column of 120 ml of capacity, equipped with a cooling jacket. Stabilization against convection was achieved by using a density gradient so- 
RESULTS
Properties of the prurified enzyme Homogeneity. The final enzyme preparation obtained from the purification procedures described above gave a single band on an SDS gel electrophoresis (Fig. 1) . The purified enzyme protein sedimented as a homogeneous entity when subjected to sedimentation velocity experiments in an ultracentrifuge (Fig.  2) . A sedimentation coefficient C?2o,w)°f 10.05 and a diffusion coefficient (Z>2o,w)°f 4.08 x 10"7 cm2/sec were determined. Absorption spectrum. The purified enzyme exhibited a marked yellow color. The absorption spectrum in 0.05 m potassium phosphate buffer, pH 7.0, showed maxima at 280 and 415 nm (Fig. 3) . The latter was characteristic of pyridoxal 5 '-phosphate-dependent enzymes. Isoelectric point. The pH of the isoelectric point was measured by employing isoelectric focusing. It was found to be 4.0.
Substrate specificity. The relative rates of keto acid formation from various amino acids by purified biosynthetic threonine deaminase of P. morganii are shown in Table II . lThreonine, L-serine, L-cysteine and jS-chloro-L- Total units show only the enzymeactivity precipitated by the first ammoniumsulfate fractionation. The enzyme activity remained in the supernatant had shown 34,400 units (57% in yield) and was excluded from the following purification steps. Ammo acid Deaminase. The enzyme solution was dialyzed against 0.05m potassium phosphate buffer, pH 7.0, containing 1 mM2-mercaptoethanol, 0.1 mMEDTAand 0.01 mMpyridoxal 5'-phosphate. Absorption spectrum of the enzyme was read against a blank containing the dialysis buffer. The protein concentration was 0.76 mg per ml. alanine were degraded well, but not D-isomers of these amino acids. The Km value for lthreonine and L-serine were 3.2 and 7.1 niM, respectively.
Effect of pH. The optimal pH of the degradation of L-threonine and L-serine was around 10.0 (Fig. 4) . inhibited the formation of a-ketobutyrate from L-threonine. The inhibition was greatest from pH 6.0 to 8.0, but the enzyme became progressively resistant to inhibition at higher pH. The inhibition was a competitive type and determined Ki for L-isoleucine was 0.13 mMat pH 8.0 (Fig. 6) . A plot of l/V versus l/S at higher substrate concentration was shown good linearity, but at lower substrate concentration it gave upward deviated curve (Fig.   6 , A). The inhibition was not recovered by the addition of L-valine. Effect of mercury on the desensitization of biosynthetic threonine deaminase. Purified threonine deaminase was preincubated with HgCl2 and the ability of L-isoleucine to inhibit the enzyme was measured. As shown in Table  III, Hg2+ effectively protected the enzyme against L-isoleucine inhibition.
DISCUSSION
The purified biosynthetic threonine deaminase of P. morganii gave a single band on a SDS polyacrylamide gel electrophoresis and migrated as a single, symmetrical boundary in the analytical ultracentrifuge, although the enzyme showed two protein bands after polyacrylamide gel electrophoresis in the standard system at pH 8.3. A similar behavior on a polyacrylamide gel was reported by Koerner et al.18 ) with the purified enzyme preparation from E. coli. In E. coli it was presumed that the appearance of two protein bands on a standard polyacrylamide gel electrophoresis is a consequence of dissociation of the enzyme into dimers at alkaline pH.20) The biosynthetic threonine deaminase of P. morganii might have also dissociated into smaller molecule under alkaline pH.
Somephysicochemical properties of the biosynthetic threonine deaminase of P. morganii are summarizedand compared with those of other bacteria19~21) (Table IV) .
There are several points of similarity between properties of biosynthetic threonine deaminases. These biosynthetic threonine deaminases have two molecules of pyridoxal 5'-phosphate per mol enzyme. In contrast, biodegradative threonine deaminases of E. coli and P. morganii were shown to have a structure of four subunits.
In the presence of low concentration of lisoleucine a sigmoidal curve indicating cooperativity was observed, and a plot of l/V versus l/S showed a upward deviated curve (Fig. 6) . A little shift of optimum pH of the enzyme to alkaline pH was also observed with the biosyn- L-Isoleucine is a competitive allosteric inhibitor and the enzyme exhibits cooperative homotropic interactions with respect to the substrate only in the presence of L-isoleucine.
The enzyme seems to exist a pH-dependent equilibrium between two distinct and catalytically active-species, tetramer sensitive to Lisoleucine inhibition and a dimer insensitive to L-isoleucine inhibition.
The tetramer is favored at pHvalues from 6.0 to 7.5 while at pH values from 8.5 to 10.0 the enzyme is present almost exclusively as the dimer. At pH 8.0 a mixture of the two is present.
